Cerebrospinal fluid (CSF) immunoglobulins (IgA, IgG, IgM) were measured in 107 patients with meningococcal meningitis. Levels were correlated significantly with CSF total protein, and both CSF immunoglobulin and protein increased with age. C3 was measured in the CSF of 38 patients and was also closely correlated with the CSF protein level. C3 breakdown products were found in all of six CSFs tested. The CSF immunoglobulin and complement were thought to have leaked from the plasma due to inflammation of the meninges and had little value in diagnosis or prognosis.
There has been some interest in measuring cerebrospinal fluid (CSF) immunoglobulin and complement levels in meningitis in the hope that this might aid diagnosis and prognosis. O'Toole et al. (1971) found CSF IgA and IgG to be correlated with CSF protein in pneumococcal, meningococcal, and tuberculous meningitis. In contrast, there was no correlation between CSF IgM and protein in pneumococcal meningitis, suggesting that it might have been synthesised within the central nervous system. Buchanan and MacNab (1972) found it impossible to distinguish between the various types of pyogenic meningitis on the basis of CSF immunoglobulin pattern but showed that in encephalitis CSF complement was absent and the immunoglobulins normal, Smith et al. (1973) found a rise in CSF IgM concentration in the acute phase of purulent meningitis but not in viral meningitis. They suggested that this might be of diagnostic value.
In this study we have measured CSF immunoglobulin and complement concentration in patients with meningococcal meningitis in an attempt to assess their origin and to determine whether CSF immunoglobulin levels are of prognostic value in this infection, Material and methods CSF was obtained from 107 patients with group A meningococcal meningitis and 22 patients with group C meningococcal meningitis. In 112, the Received for publication 19 January 1977 720 diagnosis was made by finding meningococcal antigen and/or a positive bacterial culture in the CSF; in 17, the diagnosis was based on an increase in haemagglutinating antibody in the serum (Greenwood and Whittle, 1974) . Immunoglobulins and complement were measured by the Mancini technique using monospecific antisera (Hyland Laboratories). Immunoglobulin levels are expressed in international units and C3 levels as a percentage of a pooled adult Nigerian serum standard. Edetic acid CSF samples were tested for C3 breakdown products by crossover immunoelectrophoresis (Greenwood and Whittle, 1976) . CSF protein was measured by a turbidometric method (Varley, 1969) . Table 1 shows the mean CSF immunoglobulin and protein levels according to age. All three classes of immunoglobulins rose with age as did the total CSF Cerebrospinal fluid immunoglobulins and complement in meningococcal meningitis protein content. CSF immunoglobulin levels were found to be significantly correlated with protein levels (r = 05 for IgA, r = 06 for IgG, r = 0-7 for IgM; P < 0-001 for all three). No significant correlation was found between serum and CSF immunoglobulin levels. Haemagglutinating antibody was detected in only one of 81 specimens tested.
Results

CSF IMMUNOGLOBULINS
Patients with severe neurological disease, such as deep coma, fits or upper motor neurone lesions disease, tended to have higher CSF immunoglobulin levels (Table 2) but the differences were not significant and were of no use in prognosis. 4-343-1 7-9±7-1 7-2±7-6
Differences not significant
CSF COMPLEMENT
The mean CSF C3 level of 38 patients was 8 8 % + 90 %. CSF C3 levels were found to be closely correlated to CSF protein levels (r = 0-8, P < 0-001) but not to serum C3 levels (r = 0-24, p > 0-1). Six samples of CSF, containing high amounts of C3, were tested for complement breakdown products; all were positive.
Discussion
We think that the CSF immunoglobulin and C3 of most patients with meningococcal meningitis has leaked from the plasma because immunoglobulin and complement levels were significantly correlated with total CSF protein. This is in accord with the view that a non-specific increase in permeability of the blood-CSF barrier, such as in meningitis, results in a general rise in protein concentration in which all the plasma proteins participate (Davson, 1967) . Our data do not suggest local production of immunoglobulin in meningococcal meningitis, as is thought to occur in pneumococcal meningitis (O'Toole et al., 1971) and in some chronic forms of meningoencephalitis such as sleeping sickness (Greenwood and Whittle, 1973) , neurosyphilis (Kabat et al., 1948) , and subacute sclerosing panencephalitis (Connolly et al., 1967) . Surprisingly, CSF immunoglobulin and C3 levels were not related to serum levels: perhaps a variable proportion of these proteins are degraded in the CSF or fixed to bacterial antigen, so distorting the relationship.
It is interesting that CSF total protein and immunoglobulin increased with age, a finding not previously recorded. Perhaps the inflammatory response is greater in older patients as they have acquired some cross-reacting immunity to the invading meningococcus (Goldschneider et al., 1969) . Consequently, younger children who have no immunity may have a poorer prognosis (Whittle et al., 1977) because their inflammatory response is less. Free antibody was detectable in the CSF of only one patient although we have previously shown that about 15 % of patients with meningococcal meningitis have high serum antibody levels to the invading meningococcus on admission (Greenwood and Whittle, 1974) . Presumably this antibody forms complexes with antigen on entry to the CSF.
Most of our patients had some complement in the CSF, and in those with high levels, C3 breakdown products were found, indicating complement activation. This may have resulted from an antigen antibody reaction between bacteria and antibody leaked from the plasma, by the release of endotoxin and activation of the alternative complement pathway or by the proteolytic activity of bacterial enzymes. Complement bound to bacteria would aid in phagocytosis, and we have evidence that complement activation in the CSF leads to the production of chemotactic factors attracting polymorphs to the CSF (Greenwood, unpublished) .
It is unlikely that CSF immunoglobulin or complement levels will be of diagnostic or prognostic value in acute pyogenic meningitis if these proteins are due to a leak of plasma across the CSF/blood barrier-the result of a non-specific meningeal inflammation. We have found these measurements of no value in the diagnosis or management of patients with meningococcal meningitis. 
